(19) 



J 



EuropaischesPatentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

12.06.1998 Bulletin 1998/33 

(21) Application number: 98300833.5 

(22) Date of filing: 04.02.1998 



(11) EP 0 857 897 A2 

EUROPEAN PATENT APPLICATION 

(51) int'ciA F16H 61/02 



(84) 


Designated Contracting States: 


(72) 


Inventors: 


AT BE CH DE DK ES Fl PR GB GR IE IT LI LU MC 


• 


Steeby, Jon A. 




NLPTSE 




Schoolcraft, Ml 49087-9780 (US) 




Designated Extension States: 


• 


Janeke, Daniel P. 




AL LT LV IVIK RO SI 




Kalamazoo, IVIl 49001 -4323 (US) 


(30) 


Priority: 05.02.1997 US 790209 


(74) 


Representative: Clarke, Geoffrey Howard et al 




Eaton House, 


(71) 


Applicant: EATON CORPORATION 




Staines Road 


Cleveland Ohio 44114 (US) 




Hounslow, Middlesex TW4 5DX (GB) 



CM 
< 

00 

lO 
00 

o 

Q. 
UJ 



(54) Operation mode transition of an automated transmission 



(57) A degraded mode of operation (Figure 7) tor a 
partially autonnated mechanical transmission system 
having a splitter-type mechanical transmission with a 
splitter section automatically shifted in only certain ra- 
tios (ninth/tenth). Upon sensing certain system faults 
when in this automatic splitter shifting mode, the splitter 
section is retained, as is, until main section neutral can 
be confirmed, at which time the splitter section is re- 
turned to manual control for all transmission ratios. 



C START J 




RETURN SPUTTER 
VALVE ASSEMBLY 
TO MANUAL 
CONTROL 
SET DEGRADED 
MODE FLAG 



MAINTAIN 
SPLOTER 
VALVE 
ASSEMBLY AS IS 



C EXIT > ■ 



FIG. 7 



Printed by Jouvo, 75001 PARIS (PR) 



1 



EP 0 857 897 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

RELATED APPLICATIONS 

This application is related to the following copend- 
ing U.S. applications, all assigned to EATON CORPO- 
RATION, the assignee of this application: 
Serial No. 08/439.908 

Filed: 12/05/95 

Title: AUTOMATIC AND MANU/VL SPLITTER 
SHIFTING CONTROL VALVE ASSEMBLY 

Serial No. 08/649,829 

Filed: 30/04/96 

Title: SYNCHRONIZING AND GEAR ENGAGE- 
MENT SENSING LOGIC FOR AUTOMATED 
MECHANICAL TRANSMISSION SYSTEMS 

Serial No. 795,918 [96-TRN-113] 

Filed: 05/02/97 

Title: AUTOMATED TRANSMISSION SYSTEM 
POWER-DOWN 

Serial No. 796.001 [96-TRN-114] 

Filed: 05/02>^7 

Title: SENSING MANUAL SHIFT INTO AUTOMAT- 
ED UPPER RATIOS 

Serial No. 796,006 [96-TRN-116] 

Filed: 05/02/97 

Title: AUTOMODE-TO-NEUTRAL LOGIC 

Serial No. 795.616 [96-TRN-117] 

Filed: 05/02/97 

Title: ANTI-HUNT LOGIC 

Serial No. 795.615 [96-TRN-119] 

Filed: 05/02/97 

Title: DISENGAGEMENT CONFIRMATION 
Serial No. 790,210 [96-TRN-121] 
Filed: 05/02/97 

Title: ENGAGEMENT OF GE/VR RATIO CONFIR- 
MATION 

FIELD OF THE INVENTION 

The present invention relates to a fault-tolerant logic 



for a partially automated mechanical transmission sys- 
tem having automated splitter shifting in at least one 
main section ratio position. 

5 DESCRIPTION OF THE PRIOR ART 

Partially automated vehiculartransmission systems 
requiring manual shifting in the lower ratios and having 
a control for automated shifting in the upper ratios are 

10 known in the prior art. as may be seen by reference to 
U.S. Patents No. 4.722.248; 4.850.236; 5.038.627; 
5.393.276; 5,393.277 and 5.498.195. 

Splitter and combined range and splitter-type com- 
pound vehicular transmissions requiring manual splitter 

IS shifting are well known in the prior art. as may be seen 
by reference to U.S. Patents No. 3.799,002; 4.754,665; 
4,974.468; 5,000,060; 5.370.01 3 and 5,390.561 . Trans- 
missions with automatic splitter shifting are known in the 
prior art, as may be seen by reference to U.S. Patent 

20 No. 5,435,212, 

Fault-tolerant and limp-home routines for automat- 
ed mechanical transmission systems are known in the 
prbr art, as may be seen by reference to U.S. Patents 
No. 5.109.721 and 5.157,607. 

25 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a new and 
improved control systeno/method for an automated me- 
30 chanical transmission system having automated splitter 
shift in certain ratios only and manual splitter shitting in 
other ratios and an improved fault-tolerant degraded 
mode of operation is provided. 

The foregoing is accomplished by providing a logk: 
35 which, in the event of faults which will adversely affect 
automatic splitter shifting, maintains the automated 
splitter shifting mechanism engaged in the currently en- 
gaged splitter ratio until a manual shift Into neutral is 
sensed, at which time the splitter mechanism is returned 
40 to manual control. 

Accordingly, it is an object of the present invention 
to provide a new and improved fault-tolerant degraded 
mode of operation for a partially automated mechanical 
transmission system having manually and automatically 
45 controlled splitter shifting. 

This and other objects and advantages of the 
present invention will become apparent from a reading 
of the following description of the preferred embodiment 
taken in connection with the attached drawings. 

so 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 and 1A are sectional views of a typical 
splitter or combined splitter and range-type compound 
55 transmission. 

Figure 2 is a schematic illustration of the manual 
shift pattern and ratio steps for the transmission of Fig- 
ures 1 and 1A 
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Figure 3 is a schematic illustration of a partially au- 
tomated vehicular mechanical transmission system 
having both manual and automatic splitter shifting and 
utilizing the control of the present invention. 

Figure 4 is a valve table for the control valve asserrt- 
biy utilized in the system of Figure 3. 

Figure 5 is a schematic illustration, similar to Figure 
2, of the shift pattern and ratio steps for the transmission 
system of Figure 3. 

Figure 6 is a graphical representation of the disen- 
gagement confirmation logic of the system of Figure 3. 

Figure 7 is a schematic illustration, in flow chart for- 
mat, of the fault-tolerant degraded mode of operation 
logic of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Figures 1 , 1 A and 2 illustrate a typical combined 
splitter and range-type compound mechanical transmis- 
sion 1 0 of the type advantageously utilized in connection 
with the control of the present invention. 

Transmission 10 comprises a main transmission 
section 12 connected in series with an auxiliary trans- 
mission section 14 having both range and splitter-type 
gearing. Typically, transmission 10 is housed within a 
single multi-piece housing 16 and includes an input 
shaft 18 driven by a prime mover (such as a diesel en- 
gine) through a selectively disengaged, normally en- 
gaged friction master clutch. 

In the main transmission section 12, the input shaft 
1 8 carries an input gear 20 for driving at least one coun- 
tershaft assembly 22. Preferably, as is well known in the 
prior art and as is illustrated in U.S. Patents No. 
3.105,395 and 3,335,616, input gear 20 simultaneously 
drives a plurality of substantially identical main section 
countershaft assemblies at substantially identical rota- 
tional speeds. Each of the main section countershaft as- 
semblies comprises a main section countershaft 24 sup- 
ported by bearings 25 and 28 in housing 16 and is pro- 
vided with main section countershaft gears 30, 32, 34. 
36 and 38 fixed thereto. A plurality of main section drive 
or main shaft gears 40. 42 and 44 surround the trans- 
mission main shaft 46 and are selectively clutchable. 
one at a time, to the main shaft 46 for rotation therewith 
by sliding clutch collars 48 and 50, as is well known in 
the art. Clutch collar 48 may also be utilized to clutch 
input gear 20 to the main shaft 46 to provide a direct 
drive relationship between the input shaft 18 and the 
main shaft 46. Preferably, each of the main section main 
shaft gears encircles the main shaft 46 and is in contin- 
uous meshing engagement with and is floatingly sup- 
ported by the associated countershaft gear groups, 
which mounting means and special advantages resuH- 
ing therefrom are explained in greater detail in afore- 
mentioned U.S. Patents No. 3.105.395 and 3,335,616. 
Typically, clutch collars 48 and 50 are axially positioned 
by means of shift forks or yokes 52 and 54, respectively, 
associated with a shift bar housing assembly 56 of the 



type illustrated in U.S. Patents No. 4,920,815 and 
5.000.060. Clutch collars 48 and 50 are, in the preferred 
embodiment, of the well-known, non-synchronized, 
double-acting jaw clutch type. 

5 Main section main shaft gear 44 is the reverse gear 
and is in continuous meshing engagement with counter- 
shaft gears 38 by means of conventional intermediate 
idler gears 57 (see Figure 1A). Main section counter- 
shaft gear 32 is provided for powering power takeoff de- 

10 vices and the like. Jaw clutches 48 and 50 are 3-position 
clutches in that they may be positioned in a centered 
axially non-displaced, non-engaged position as illustrat- 
ed or in a fully rightwardly engaged or fully leftwardly 
engaged position. 

IS Auxiliary transmission section 14 is connected in 
series with main transmission section 1 2 and is of the 
3-layer. 4-speed combined splitter/range type, as illus- 
trated in above-mentioned U.S. Patent No. 4,754,665. 
Main shaft 46 extends into the auxiliary section 14 and 

20 Is journaled in the inward end of the output shaft 58 
which extends from the rearward end of the transmis- 
sion. 

Auxiliary transmission section 14 includes, in the 
preferred embodiment thereof, a plurality of substantial- 

25 ly identical auxiliary countershaft assemblies 60 (see 
Figure 1 A), each comprising an auxiliary countershaft 
62 supported by bearings 64 and 66 in housing 16 and 
carrying three auxiliary section countershaft gears 68, 
70 and 72 fixed for rotation therewith. Auxiliary counter- 

30 shaft gears 68 are constantly meshed with and support 
auxiliary section splitter gear 74. Auxiliary countershaft 
gears 70 are constantly meshed with and support aux- 
iliary section splitter/range gear 76 which surrounds the 
output shaft 58 at the end thereof adjacent the coaxial 

35 inner end of main shaft 46. Auxiliary section counter- 
shaft gears 72 constantly mesh with and support auxil- 
iary section range gear 78, which surrounds the output 
shaft 58. Accordingly, auxiliary section countershaft 
gears 68 and splitter gear 74 define a first gear layer, 

40 auxiliary section countershaft gears 70 and splitter/ 
range gear 76 define a second gear layer and auxiliary 

^ section countershaft gears 72 and range gear 78 define 
a third layer, or gear group, of the combined splitter and 
range-type auxiliary transmission section 14. 

45 A sliding 2-position jaw clutch collar 80 is utilized to 
selectively couple either the splitter gear 74 or the split- 
ter/range gear 76 to the main shaft 46, while a 2-position 
synchronized clutch assembly 82 is utilized to selective- 
ly couple the splitter/range gear 76 or the range gear 78 

50 to the output shaft 58. 

The splitter jaw clutch 80 is a 2-position clutch as- 
sembly which may be selectively positioned in the right- 
wardmost or leftwardmost positions for engaging either 
gear 76 or gear 74, respectively, to the main shaft 46. 

ss Splitter jaw clutch 80 is axially positioned by means of 
a shift fork 84 controlled by a 2-position piston actuator 
86. which normally is operable by a driver selection 
switch such as a button or the like on the shift knob, as 
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is known in the prior art. Two-position synchronized 
range clutch assembly 62 is also a 2-position clutch 
which may be selectively positioned in either the right- 
wardmost or leftwardmost positions thereof for selec- 
tively clutching either gear 78 or 76, respectively, to out- 
put shaft 58. Clutch assembly 82 is positioned by means 
of a shift fork 88 operated by means of a 2-posftion pis- 
ton device 90, the actuation and control of which is de- 
scribed in greater detail in aforementioned U.S. Patent 
No. 4,974.468. 

As may be seen by reference to Figures 1 -2, by se- 
lectively axiaily positioning both the splitter clutch 80 
and the range clutch 82 in the fonward and rearward ax- 
ial positions thereof, four distinct ratios of main shaft ro- 
tation to output shaft rotation may be provided. Accord- 
ingly, auxiliary transmission section 14 is a 3-layer aux- 
iliary section of the combined range and splitter type pro- 
viding four selectable speeds or drive ratios between the 
input (main shaft 46) and output (output shaft 58) there- 
of. The main section 12 provides a reverse and three 
potentially selectable fonA^rd speeds. However, one of 
the selectable main sectbn fonA^ard gear ratios, the low 
speed gear ratios associated with main shaft gear 42, 
is not utilized in the high range. Thus, transmission 10 
is properly designated as a "(2+1 )x(2x2)" type transmis- 
sion providing nine or ten selectable forward speeds, 
depending upon the desirability and practicality of split- 
ting the low gear ratio. 

While clutch 82 (the range clutch) should be a syn- 
chronized clutch, double-acting clutch collar 80 (the 
splitter clutch) is not required to be synchronized. The 
shift pattern for manually shifting transmission 10 is 
schematically illustrated in Figure 2. Divisions in the ver- 
tical direction at each gear lever position signify splitter 
shifts, while movement in the horizontal direction from 
the 3/4 and 5/6 leg of the H pattern to the 7/8 and 9/10 
leg of the H pattern signifies a shift from the low range 
to the high range of the transmission. As discussed 
above, manual splitter shifting is accomplished in the 
usual manner by means of a vehicle operator-actuated 
splitter button or the like, usually a button located at the 
shift lever knob, while operation of the range clutch shift- 
ing assembly is an automatic response to movement of 
the gear shift lever between the central and rightward- 
most legs of the shift pattern, as illustrated in Figure 2. 
Range shift devices of this general type are known in 
the prior art and may be seen by reference to U.S. Pat- 
ents No. 3.429,202; 4.455,883; 4,561.325 and 
4,663.725. Manually operated splitter and range shift 
actuators are known in the prior art and may be seen by 
reference to U.S. Patents No. 5,193.410; 5.199,314and 
5,329.826. 

A partially autorr^ted vehicular mechanical trans- 
mission system 92 utilizing the control system of the 
present invention is illustrated in Figure 3. Partially au- 
tomated system 92 is of the type requiring manual shift- 
ing in the lower gear ratios (first through eighth) and, 
after initial manual selection of one of the upper two ra- 



tios, providing automatic shifting in the upper gear ratios 
(ninth and tenth), as described in aforementioned U.S. 
Patents No. 4,722,248; 4,850.236; 5,038.027 and 
5,393,276. The shift pattern for partially automated op- 
5 eration of the system 92 is schematically illustrated in 
Figure 5. 

The system includes a splitter control valve assem- 
bly 94 and a prime mover (such as diesel engine 96) 
driving the input shaft IB of transmission 10 through a 
10 master friction clutch 98. The transmission 10 includes 
a shift lever 1 00 having a shift knob 102, which is asso- 
ciated with the shift bar housing 56 for manually shifting 
main section 1 2 and the range clutch 82 of auxiliary sec- 
tion 14. 

TS A manually operated splitter valve 1 04, having a se- 
lector lever or button 106, is provided, usually on or in- 
tegral with the shift knob, for manually shifting the split- 
ter clutch 80. Splitter valve 104 is a 2-position, 3-way 
manually operated valve effective to selectively connect 

20 a first pilot conduit 108 to exhaust ("Ex") or to pilot pres- 
sure, respectively, to manually select either the high or 
low splitter ratio. The pilot pressure may be equal to sup- 
ply pressure ("S") or to a lower value. In a typical on- 
board pneumatic system, supply is filtered, regulated air 

25 at about 60 to 80 psi. 

The first pilot conduit 108 may fluidly communicate 
with a second pilot conduit 1 1 0 in series through the con- 
trol valve assembly 94 of the present invention. The sec- 
ond pilot conduit 110 is effective to act on a 2- position, 

30 3-way pilot valve 1 1 2. which is effective to normally vent 
or selectively pressurize a control chamber 114 of the 
splitter piston/cylinder actuator assembly 86. Chamber 
1 1 4 is exposed to the larger area face 11 6 of a differen- 
tial area piston 118 having a smaller area face 1 20 con- 
as stantty exposed to supply pressure in biasing chamber 
122. As is known, a spring may be utilized in place of or 
in combination with smaller area piston face 1 20 to bias 
piston 118 rightwardly, as seen in Figure 3, 

As may be seen, when piiot conduit 110 is exhaust- 

40 ed, pilot valve 112 will connect control chamber 114 to 
exhaust, and supply pressure acting on smaller area 
face 120 will cause shift fork 84 to move splitter clutch 
80 to engage gear 76 for the tow splitter ratio, and when 
pilot conduit 110 is pressurized, valve 112 will move 

45 against a bias to a position for pressurizing control 
chamber 1 1 4, causing the piston 1 1 8 to move leftwardly 
to cause splitter clutch 80 to engage gear 74 for the high 
splitter ratio. 

Except for interposing the control valve assembly 
so 94 in series between pilot conduits 108 and 110. the 
above-described components are structurally and func- 
tionally equivalent to components utilized to shift the 
manually shifted transmission of Figures 1 . 1 A and 2. 
To provide the partially automated operation of sys- 
55 tem 92, a controller 124, preferably a microprocessor- 
based controller, is provided for receiving input signals 
126 and for processing same according to predeter- 
mined togic rules to issue command output signals 128 
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to various system actuators, such as an engine fuel con- 
trol 130 and a solenoid driver and fault detection unit 
1 32. Controllers of this type may be seen by reference 
to U.S. Patents No. 4.361 .060 and 4.595.986, The pro- 
gram for controller 124 is stored on a compute ru sable 
medium such as a floppy disk, hard drive, CD-rom, tape 
or other external or internal storage medium. 

Sensors for sensing engine speed (ES) and/or input 
shaft speed (IS) and output shaft speed (OS) may be 
provided, as well as sensors for sensing engine fueling 
THL and solenoid faults SF. all of which provide input 
signals Indicative thereof to the controller 124. With the 
clutch 98 engaged, input shaft speed may be assumed 
to equal engine speed. 

As is known, the engine 96 may have a built-in con- 
troller 96A and/or may communicate with controller 1 24 
by an electronic data link of the type conforming to SAE 
J-1922, SAE J-1939. ISO 11898 or the like. All or a por- 
tion of controller 124 may be defined by hardware and/ 
or software associated with engine controller 96A. A 
sensor may be provided for providing a signal (GR) in- 
dicative of engaged gear ratio or gear ratio may be cal- 
culated and confirmed by dividing input shaft speed or 
engine speed by output shaft speed (GR = ((IS = ES))/ 
OS ^ error?). 

The control valve assembly 94 of the present inven- 
tion is interposed in series between the standard manual 
splitter shift selection valve 104 and the standard pilot 
valve 112/splitter actuator 86 and is operated in re- 
sponse to command output signals from controller 124. 
The assembly includes, in series, a first 2-position, 
3-way solenoid-controlled valve 1 34 and a second 2-po- 
sition. 3-way solenoid-controlled valve 136 and a sole- 
noid driver and fault detection unit 132 operating in re- 
sponse to command output signals from the controller. 

Valve 1 34 has an inlet 1 38 connected to pilot con- 
duit 108 and two outlets 1 40 (connected to one inlet 1 42 
of valve 1 36) and 1 44 (connected to exhaust). Valve 1 34 
has a first normal or default position wherein inlet 138 
is connected to outlet 1 40, and thus, to inlet 1 42 of valve 
1 36. while outlet 144 of valve 1 34 is blocked. Valve 1 34 
has a second or actuated position upon energizing the 
first solenoid S#1 wherein outlet 1 40 is connected to ex- 
haust at outlet 144 and inlet 138 is blocked. 

Valve 1 36 has two inlets 1 42 (connected to the out- 
let 1 40 of valve 134) and 1 46 (connected to the source 
of pressurized fluid) and an outlet 148 connected to the 
second pilot conduit 110 controlling the pilot valve 112. 
Valve 1 36 has a first normal or default position wherein 
inlet 142 is connected to outlet 148 and the inlet 146 
from source pressure is blocked, and a second actuated 
position upon energizing the second solenoid S#2 
wherein inlet 1 42 is blocked and source pressure at inlet 
146 communicates with outlet 148 and pilot conduit 110. 

The valve table for operation of the solenoid-oper- 
ated valves is set forth in Figure 4. 

The controller 124 senses a manual splitter opera- 
tion mode by sensing a shift bar condition GR other than 



AUTO (see Figure 5). In this mode (/.©.. gear ratios 1 -8). 
the solenoid driver is commanded to deenergize both of 
the solenoids, and the valves 1 34 and 1 36 will assume 
the default posttbns thereof. Pilot conduit 108 will com- 

5 municate with pilot conduit 110 through the valves 134 
and 136. and the actuator 86 will be under the manual 
control of selector valve 1 04. 

AUTO or not-AUTO mode conditrons may be 
sensed by position sensors or by processing the ES and 

10 OS signals according to predetermined logic rules. 

Upon sensing a manual shift to the AUTO position, 
the controller will cause the solenoid driver 1 32 to ener- 
gize the first solenokl S#1 to create an automatic-only 
splitter situation, as valve 134 moves to its second po- 

?5 sition, wherein the pilot conduit 108 controlled by man- 
ual selector valve 104 is blocked at inlet 1 38, and thus, 
the series connection through port 140 to the pilot valve 
11 2 is blocked. With valve 1 34 in the second or actuated 
position thereof, the manual selector 104 is ineffective 

20 to control pilot valve 1 1 2 or splitter actuator 86. 

In the current example, ninth and tenth speeds are 
the AUTO mode gear ratios, while eighth speed is the 
■entry gear ratio". A shift or Intent to shift into the AUTO 
mode is confirmed when either 

2S 

(1) gear ratio Is the entry gear ratio, and 

(2) vehicle speed exceeds a first reference value 
(REFi). followed by 

(3) a shift into neutral; 

30 

OR 

(1) vehicle speed exceeds the first reference value, 
and 

35 (2) gear ratio is one of the AUTO mode ratios. . 

The first reference value (REF-,) is an output shaft 
speed at which a manual upshift from the entry gear is 
expected to occur, usually about the minimum output 

40 shaft speed at which an upshift from the entry gear is 
expected to occur. 

When in the AUTO mode of operation, manual con- 
trol 104 is bypassed and, based upon vehicle speed as 
indicated by the output shaft speed OS and/or the other 

4S sensed parameters, the control 124 will automatrcally 
determine if an automatic upshift from ninth to tenth or 
an automatic downshift from tenth to ninth is required, 
and will control engine fueling and the second solenoid- 
controlled valve 1 36 to implement same. With valve 1 34 

50 actuated and valve 1 36 in its normal or default position, 
pilot conduit 110 is exhausted at port 144 of valve 134, 
and pilot valve 1 1 2 will exhaust the control chamber 114 
of the piston/cylinder assembly 86, causing the piston 
to urge the splitter clutch In the bw splitter ratio direction. 

55 With the second solenoid-controlled valve 1 36 actuated, 
pilot conduit 110 is connected to source pressure 
through inlet 1 46 and outlet 1 48 of valve 1 36, regardless 
of the position of valve 134, and pilot valve 112 will cause 
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control chamber 114 to be pressurized, causing the pis- 
ton 1 1 8 to urge the splitter clutch in the high splitter ratio 
direction. Valve 1 34 may be deactivated whenever valve 
1 36 is energized to reduce heat generation. 

In addition to causing the splitter clutch to be prop- 
erly positioned in the AUTO mode, controller 1 24 will 
also cause the engine to be properly fueled to disengage 
the existing splitter ratio and synchronized for engaging 
the target splitter ratio. Upon sensing an eighth-to-ninth 
upshift into AUTO mode, the engine will be caused to 
synchronize for the required main and splitter clutch en- 
gagement. 

In the current example, continuing operation in the 
AUTO mode is confirmed when either: 

(1) the confirmed gear ratio is an AUTO mode ratio 
(/.a, ninth or tenth), and 

(2) vehicle speed exceeds the first reference value 
(OS*GRejmtry ^ the expected manual upshift RPM 
from the entry gear); 

OR 

an AUTO mode shift (ninth-tenth, tenth-ninth) is In 
progress. 

Upon sensing that a shift from AUTO mode has oc- 
curred, the controller 1 24 will cause solenoid driver 1 32 
to deactivate both solenoids to return splitter control to 
the operator. In the current example, a not-AUTO mode 
condition is confirmed when either 

(1) an AUTO mode shift Is not in progress, and 

(2) vehicle speed is less than a second reference 
value (REF2). followed by 

(3) a shift into neutral; 

OR 

(1) an AUTO shift is in progress, and 

(2) after a given period of time, engagement in an 
AUTO mode ratio cannot be confirmed; 

OR 

engagement in a non-AUTO mode ratio is con- 
firmed. 

The first, immediately preceding example involves 
a downshift out of AUTO mode, while the second exam- 
ple involves an apparent operator shift to main section 
neutral during an AUTO mode shift event. 

In causing synchronous conditions for engagement 
of a target gear ratio, the engine is commanded to as- 
sume a rotational speed equal to true synchronous 
speed (ES = OS'GR-j-) plus or minus an offset value X 
equal to about 30 to 50 RPM. Accordingly, the engine is 
alternately commanded to a speed (ES = (OS + 
X)'GRt). and then a speed (ES = (OS - X)*GRt). 

To confirm engagement/non-engagement, the val- 
ue of ES/OS is compared over a period of time to known 
gear ratios plus or minus a given percent Y (such as 0.5 



to 1 .5%), Thus, by way of example, over a period of time, 
if ES/OS = GR*(1 + Y%). then confirmation of engage- 
ment of GR Is true. The offset X and the percentage error 
Y are selected so that at ES = (OS + X)*GRt. or at ES 

5 = (OS - X)*GRt, ES/OS will not equal GR*(1 + Y%). 

The foregoing, as discussed in aforementioned co- 
pending U.S. Patent Application Serial No. 08/649.829, 
allows the use of speed signals to confirm engaged and 
neutral conditions without false readings due to engine 

10 synchronizing. 

To confirm disengagement (of the entry gear ratio 
or of one of the AUTO mode ratios), the quotient of ES/ 
OS is compared to the numerical value of the disengag- 
ing gear, plus or minus a disengaging gear error value, 

IS which may exceed the magnitude of the gear error value 
used to confirm engagement. For example, the disen- 
gaging gear error value may equal 1 .5%. while the en- 
gaging gear error value may equal 1%. 

Additionally, the gear error value used for confirm- 

20 ing disengagement may be set larger on the positive 
side of synchronous of the disengaging gear than on the 
negative side to minimize false indications of neutral. 
Speed separations while still in gear tend to be higher 
on the positive side of synchronous due to the higher 

2S driving torque (the engine driving the vehicle tends to 
produce a greater positive torque magnitude than the 
negative torque produced when coasting with the vehi- 
cle driving the engine). Providing a larger 
Pos_Disengage_Gear_Error and a smaller 

30 Neg_Disengage_Gear_Error allows for protection 
against false indications of neutral on the positive side 
caused by aggressive throttle application, while still pro- 
viding for a quick confirmation of neutral in the negative 
direction (the direction in which neutral is confirmed on 

35 most shifts). 

In the preferred embodiment, the calculated gear 
ratio. ES/OS. is compared to an expanding window of 
error values and will be confirmed as disengaged only 
if it continues to remain outside the window. In the cur- 

40 rent example (see Figure 6), the calculated gear ratio 
must fall outside a range from: 

[Engaged GR*(1 &(40*Gounter*Loop_Time*Neg, 
Disengage_Gear_Error))] 
to 

45 [Engaged GR*(1+(40*Counter*Loop_Time*Pos_ 

Disengage_Gear_Error))], 

where Counter is incremented by one each time this is 
true and decremented each time this is not true (mini- 
mizing at a value of 1). Disengagement is confirmed 

50 when the Counter reaches or exceeds a value equal to 
(Synch_Disengage_Tlme/Loop_Time). In the preferred 
embodiment, the values of Neg_Disengage_ 
Gear_Error= 1%, Pos_Disengage_Gear_Error = 1 .5%. 
and the maximum value of (40*Counter*Loop_Time) = 

55 6. 

The advantage of this "expanding window" over a 
fixed error band (prior art) is that it allows disengage- 
ment confirmation to start sooner (using the relatively 
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small initial error window) while simultaneously provid- 
ing better protection against false confirmations of neu- 
tral (using the relatively large, fully expanded window 
before confirming). If the calculated gear ratios fall back 
within the window during the disengagement confirma- 
tion process, the window will decrement to the next 
smaller value (or to the smallest window) and upon the 
calculated gear ratio falling outside the window, the dis- 
engagement process will continue. The advantage 
gained with this "contracting window* over Immediately 
resetting to the smallest error window is that it maintains 
a quick confimiation of true disengagement even if one 
data point falls inskje the expanding error bounds, while 
preventing false neutral confirmation with transient 
speed separations induced by large torque oscillations. 

Upon an electrical power failure, the solenoid-con- 
trolled valves will return to the open positions thereof, 
fluidty connecting conduits 108 and 110. and allowing 
manual selection of all ten forward ratios. Upon the so- 
lenoid driver detecting conditions indicative of a failure 
at one or both solenoids, the controller will cause both 
solenoids to be de-energized again, causing the two 
valves 1 34 and 1 36 to assume the open positions there- 
of, and allow manual selection of all ten fonvard ratios. 

The control valve assembly 94. thus, provides a 
control allowing both manual and automatic splitter shift- 
ing, provides a favorable failure mode and as a module 
requires only four additional fluid connections (conduit 
1 08 to port 1 38, condu It 1 1 0 to port 1 48, sou rce S to port 
146 and exhaust Ex to port 144) to the normally utilized 
manual splitter control. 

As used herein, "main section" ratio positions will 
include the 1/2, 2/3, 3/4, 5/6. 7/8 and 9/1 0(A) ratio posi- 
tions, and the range sectk>n is considered a portion of 
the manually shifted main section. 

In the event of a failure in operating solenoids, in 
the splitter actuators, in the devices providing signals 
(ES, OS) indicative of engine and/or output shaft rota- 
tional speeds or the like, the preferred degraded mode 
is operation as a totally manual 10-speed splitter-type 
transmission, as illustrated in Figures 1 and 2. 

When in the AUTO nrrade, upon sensing an actuator 
or a solenoid speed sensor fault or the like, the trans- 
mission is retained in its currently engaged splitter ratio 
until main section neutral can be confirmed, and then 
the splitter valve assembly 94 is returned to manual con- 
trol. The control principle is not to go from an engaged 
splitter ratio to possible splitter neutral until the system 
is sure the operator has manually shifted into neutral. 
This will assure no unintended neutral conditions, al- 
though the system may drive as a wide-step 5-speed (/. 
a, only 1-3-5-7-9 or 2-4-6-8-10 available) until neutral 
can be confirmed. 

Accordingly, it may be seen that an improved com- 
pound transmissfon and shift control unit has been pro- 
vided. 

Although the present invention has been described 
with a certaiin degree of particularity, it is understood that 



the description of the preferred embodiment is by way 
of example only and that numerous changes to form and 
detail are possible without departing from the spirit and 
scope of the inventk)n as hereinafter claimed. 

5 

Claims 

1 . A method for controlling an automated mechanical 
10 transmission system comprising a splitter-type me- 
chanical transmission having an input shaft driven 
by a fuel-controlled engine, an output shaft, a man- 
ually shifted main section and a splitter section hav- 
ing a splitter section actuator, said splitter section 

IS actuator responsive in a manually shifted mode to 
manually supplied command signals and in an au- 
tomatic mode of operation, to controller-supplied 
command signals to control shifting of said splitter 
section, said method comprising: 

20 

sensing values of input signals, including sig- 
nals indicative of input and output shaft rota- 
tional speeds-, to determine the existence of 
system faults; 

25 upon sensing a system fault when in the auto- 

matic mode of operation, maintaining existing 
splitter section actuator condition until a main 
section neutral condition is sensed and, upon 
sensing a main section neutral condition, caus- 

30 ing said splitter actuator to be controlled only 

by said manually supplied command signals. 

2. The method of claim 1 wherein said system oper- 
ates in sad automatic mode of operation only in cer- 

35 tain main section ratios. 

3. The method of claim 1 wherein said splitter section 
actuator comprises at least one solenoid-controlled 
valve responsive to said manually supplied control 

40 signals. 

4. A machine for controlling an automated mechanical 
transmission system comprising a splitter-type me- 
chanical transmission having an input shaft driven 

45 by a fuel-controlled engine, an output shaft, a man- 
ually shifted main section and a splitter section hav- 
ing a splitter section actuator, said splitter section 
actuator responsive in a manually shifted mode to 
manually supplied command signals and in an au- 

50 tomatic mode of operation, to controller-supplied 
command signals to control shifting of said splitter 
section, said machine comprising: 

logic elements effective to sense values of input 
55 signals, including signals indicative of input and 

output shaft rotational speeds, to determine the 
existence of system faults; and 
logic elements effective, upon sensing a sys- 
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tern fault when in the automatic mode of oper- 
atton. to maintain existing splitter section actu- 
ator condition until a main section neutral con- 
dition is sensed and, upon sensing a main sec- 
tion neutral condition, causing said splitter ac- s 
tuator to be controlled only by said manually 
supplied command signals. 

5. The machine of claim 4 wherein said system oper- 
ates in said automatic mode of operation only in cer- io 
tain main section ratios. 

6. The machine of claim 4 wherein said splitter section 
actuator comprises at least one solenoid-controlled 
valve responsive to said manually supplied control fs 
signals. 
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Description 

BACKGROUND OF THE INVENTION 
REI-ATED APPLICATIONS 



[0001] This application is related to the following co- 
pending U.S. applications, all assigned to EATON COR- 
PORATION, the assignee of this application: 

Serial No. 08/649,829 = EP-A-805 062 
Filed: 30/04/96 

Title: SYNCHRONIZING AND GEAR EN- 

GAGEMENT SENSING LOGIC FOR AU- 
TOMATED MECHANICAL TRANSMIS- 
SION SYSTEMS 

Serial No. 795.91 8 t96-TRN-1 13] = EP-A-857 899 
Filed: 05/02/97 

Title: AUTOMATED TRANSMISSION SYSTEM 

POWER-DOWN 

Serial No, 796.001 196-TRN-114] = EP-A-857 894 
Filed: 05/02/97 

Title: SENSING MANUAL SHIFT INTO AUTO- 

MATED UPPER RATIOS 

Serial No. 796.006 [96-TRN-116] = EP^-857 604 
Filed: 05/02/97 

Title: AUTOMODE-TO-NEUTRAL LOGIC 

Serial No. 795.616 [96-TRN-117] = EP-A-857 898 

Filed: 05/02/97 

Title: ANTI-HU NT LOGIC 

Serial No. 795.615 [96-TRN-119] = EPt^-857 895 
Filed: 05/02/97 

Title: DISENGAGEMENT CONFIRMATION 

Serial No. 790,210 [96-TRN-121] = EP-A-B57 896 
Filed: 05/02/97 

Title: ENGAGEMENT OF GEAR RATIO CON- 

FIRMATION 

FIELD OF THE INVENTION 

[0002] The present invention relates to a fault-tolerant 
logic for a partially automated mechanical transmission 
system having automated splitter shifting in at least one 
main section ratio position. The features of the preamble 
of claim 1 and 4, respectively, are known from EP-A-742 
393. 

DESCRIPTION OF THE PRIOR ART 

[0003] Partially automated vehicular transmission 
systems requiring manual shifting in the lower ratios and 
having a control for automated shifting in the upper ra- 
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ties are known in the prior art. as may be seen by refer- 
ence to U.S. Patents No. 4,722.248; 4,850,236; 
5,038,627; 5,393,276; 5.393.277 and 5.498,195, 
[0004] Splitter and combined range and splitter-type 

5 compound vehicular transmissions requiring manual 
splitter shifting are well known in the prior art, as may 
be seen by reference to U.S. Patents No. 3.799.002; 
4.754,665; 4,974,468; 5,000,060; 5.370.013 and 
5,390,561. Transmissions with automatic splitter shift- 

10 ing are known in the prior art, as may be seen by refer- 
ence to U.S. Patent No. 5.435,212. 
[0005] Fault-tolerant and timp-home routines for au- 
tomated mechanical transmission systems are known 
in the prior art. as may be seen by reference to U.S. 

15 Patents No. 5,109,721 and 5,157,607. 

SUMMARY OF THE INVENTION 

[0006] In accordance with the present invention, a 
20 new and improved control system/method for an auto- 
mated mechanical transmission system having auto- 
mated splitter shift in certain ratios only and manual 
splitter shifting in other ratios and an improved fault-tol- 
erant degraded mode of operation Is provided, 
25 [0007] The foregoing Is accomplished by providing a 
logic which, in the event of faults which will adversely 
affect automatic splitter shifting, maintains the automat- 
ed splitter shifting mechanism engaged in the currently 
engaged splitter ratio until a manual shift into neutral is 
30 sensed, at which time the splitter mechanism is returned 
to manual control. 

[0008] Accordingly, it is an object of the present inven- 
tion to provide a new and improved fault-tolerant de- 
graded mode of operation for a partially automated me- 

35 chanical transmission system having manually and au- 
tomatically controlled splitter shifting. 
[0009] This and other objects and advantages of the 
present Invention will become apparent from a reading 
of the following description of the preferred embodiment 

40 taken in connection with the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Figures 1 and 1A are sectional views of a typ- 
45 ical splitter or combined splitter and range-type com- 
pound transmission. 

[001 1] Figure 2 is a schematic Illustration of the man- 
ual shift pattem and ratio steps for the transmission of 
Figures 1 and 1A. 

50 [001 2] Figure 3 is a schematic illustration of a partially 
automated vehicular mechanical transmission system 
having both manual and automatic splitter shifting and 
utilizing the control of the present invention. 
[0013] Figure 4 is a valve table for the control valve 

55 assembly utilized in the system of Figure 3. 

[001 4] Figure 5 5 is a schematic illustration, similar to 
Figure 2, of the shift pattern and ratio steps for the trans- 
mission system of Figure 3. 
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[0015] Figure 6 is a graphical representation of the 
disengagement confirmation logic of the system of Fig- 
ure 3. 

[0016] Figure? is a schematic illustration, in flowchart 
format, of the fault-tolerant degraded mode of operation 
logic of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0017] Figures 1. 1A and 2 illustrate a typical com- 
bined splitter and range-type compound mechanical 
transmission 10 of the type advantageously utilized in 
connection with the control of the present invention. 
[0018] Transmission 10 comprises a main transmis- 
sion section 12 connected in series with an auxiliary 
transmission section 14 having both range and splitter- 
type gearing. Typically, transmission 10 is housed within 
a single multi-piece housing 16 and includes an input 
shaft 18 driven by a prime mover (such as a diesel en- 
gine) through a selectively disengaged, normally en- 
gaged friction master clutch. 

[0019] In the main transmission section 12, the input 
shaft 18 carries an input gear 20 for driving at least one 
countershaft assembly 22. Preferably, as is well known 
in the prior art and as is illustrated In U.S. Patents No. 
3, 1 05,395 and 3,335,61 6, input gear 20 simultaneously 
drives a plurality of substantially identical main section 
countershaft assemblies at substantially identical rota- 
tional speeds. Each of the main section countershaft as- 
semblies comprises a main section countershaft 24 sup- 
ported by bearings 26 and 28 in housing 16 and is pro- 
vided with main section countershaft gears 30. 32, 34. 
36 and 38 fixed thereto. A plurality of main section drive 
or main shaft gears 40, 42 and 44 surround the trans- 
mission main shaft 46 and are selectively clutchable, 
one at a time, to the main shaft 46 for rotation therewith 
by sliding clutch collars 48 and 50, as is well known in 
the art. Clutch collar 48 may also be utilized to clutch 
input gear 20 to the main shaft 46 to provide a direct 
drive relationship between the Input shaft 18 and the 
main shaft 46. Preferably, each of the main section main 
shaft gears encircles the main shaft 46 and is in contin- 
uous meshing engagement with and is floatingly sup- 
ported by the associated countershaft gear groups, 
which mounting means and special advantages result- 
ing therefrom are explained in greater detail in afore- 
mentioned U.S. Patents No, 3.105.395 and 3.335.616. 
Typically, clutch collars 48 and 50 are axially positioned 
by means of shift fortes or yokes 52 and 54, respectively, 
associated with a shift bar housing assembly 56 of the 
type illustrated in U.S. Patents No. 4,920,815 and 
5,000,060. Clutch collars 48 and 50 are, in the preferred 
embodiment, of the well-known, non-synchronized, 
double-acting jaw clutch type. 

[0020] Main section main shaft gear 44 is the reverse 
gear and is in continuous meshing engagement with 
countershaft gears 38 by means of conventional inter- 
mediate idler gears 57 (see Figure 1A). Main section 



countershaft gear 32 is provided for powering power 
takeoff devices and the like. Jaw clutches 48 and 50 are 
3-position clutches in that they may be positioned in a 
centered axially non-displaced, non-engaged position 
5 as illustrated or in a fully rightwardly engaged or fully 
leftwardly engaged position. 

[0021] Auxiliary transmission section 14 is connected 
in series with main transmission section 12 and is of the 
3-layer. 4-speed combined splitter/range type, as illus- 
10 trated in above-mentioned U.S. Patent No. 4,754,665. 
Main shaft 46 extends into the auxiliary section 14 and 
is joumaled in the inward end of the output shaft 58 
which extends from the rearward end of the transmis- 
sion. 

15 [0022] Auxiliary transmission section 14 includes, in 
the preferred embodiment thereof, a plurality of sub- 
stantially identical auxiliary countershaft assemblies 60 
(see Figure 1A), each comprising an auxiliary counter- 
shaft 62 supported by bearings 64 and 66 in housing 16 
20 and carrying three auxiliary section countershaft gears 
68. 70 and 72 fixed for rotation therewith. Auxiliary coun- 
tershaft gears 68 are constantly meshed with and sup- 
port auxiliary section splitter gear 74. Auxiliary counter- 
shaft gears 70 are constantly meshed with and support 
25 auxiliary section splitter/range gear 76 which surrounds 
the output shaft 58 at the end thereof adjacent the co- 
axial inner end of main shaft 46. Auxiliary section coun- 
tershaft gears 72 constantly mesh with and support aux- 
iliary section range gear 78, which surrounds the output 
30 shaft 58. Accordingly, auxiliary section countershaft 
gears 68 and splitter gear 74 define a first gear layer, 
auxiliary section countershaft gears 70 and splitter/ 
range gear 76 define a second gear layer and auxiliary 
section countershaft gears 72 and range gear 78 define 
35 a third layer, or gear group, of the combined splitter and 
range-type auxiliary transmission section 14. 
[0023] A sliding 2-position jaw clutch collar 80 is uti- 
lized to selectively couple either the splitter gear 74 or 
the splitter/range gear 76 to the main shaft 46, while a 
40 2-position synchronized clutch assembly 82 is utilized 
to selectively couple the splitter/range gear 76 or the 
range gear 78 to the output shaft 58. 
[0024] The splitter jaw clutch 80 is a 2-position clutch 
assembly which may be selectively positioned in the 
45 rightwardmost or leftwardmost positions for engaging 
either gear 76 or gear 74, respectively, to the main shaft 
46. Splitter jaw clutch 80 is axially positioned by means 
of a shift foric 84 controlled by a 2-position piston actu- 
ator 86 or splitter section actuator as referred to in the 
50 claims, which normally is operable by a driver selection 
switch such as a button or the like on the shift knob, as 
is known in the prior art. Two-position synchronized 
range clutch assembly 82 is also a 2-position clutch 
which may be selectively positioned in either the right- 
55 wardmost or leftwardmost positions thereof for selec- 
tively clutching either gear 78 or 76. respectively, to out- 
put shaft 58. Clutch assembly 82 is positioned by means 
of a shift fork 88 operated by means of a 2-position pis- 
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ton device 90, the actuation and control of which is de- 
scribed in greater detail in aforementioned U.S. Patent 
No. 4.974.468. 

[0025] As may be seen by reference to Figures 1-2, 
by selectively axially positioning both the splitter clutch 
80 and the range clutch 82 in the forward and rearward 
axial positions thereof, four distinct ratios of main shaft 
rotation to output shaft rotation may be provided. Ac- 
cordingly, auxiliary transmission section 14 is a 3-layer 
auxiliary section of the combined range and splitter type 
providing four selectable speeds or drive ratios between 
the input (main shaft 46) and output (output shaft 58) 
thereof. The main section 12 provides a reverse and 
three potentially selectable forward speeds. However, 
one of the selectable main section forward gear ratios, 
the low speed gear ratios associated with main shaft 
gear 42, is not utilized in the high range. Thus, transmis- 
sion 10 is properly designated as a "(2+1)x(2x2)" type 
transmission providing nine or ten selectable forward 
speeds, depending upon the desirability and practicality 
of splitting the low gear ratio. 

[0026] While clutch 82 (the range clutch) should be a 
synchronized clutch, double-acting clutch collar 80 (the 
splitter clutch) is not required to be synchronized. The 
shift pattern for manually shifting transmission 10 is 
schematically illustrated in Figure 2. Divisions in the ver- 
tical direction at each gear lever position signify splitter 
shifts, while movement in the horizontal direction from 
the 3/4 and 5/6 leg of the H pattern to the 7/8 and 9/10 
leg of the H pattem signifies a shift from the low range 
to the high range of the transmission. As discussed 
above, manual splitter shifting is accomplished in the 
usual manner by means of a vehicle operator-actuated 
splitter button or the like, usually a button located at the 
shift lever knob, while operation of the range clutch shift- 
ing assembly is an automatic response to movement of 
the gear shift lever between the central and rightward- 
most legs of the shift pattern, as illustrated in Figure 2. 
Range shift devices of this general type are known in 
the prior art and may be seen by reference to U.S. Pat- 
ents No. 3.429,202; 4,455,883; 4,561,325 and 
4,663,725. Manually operated splitter and range shift 
actuators are known in the prior art and may be seen by 
reference to U.S. Patents No. 5,193.410; 5,199.314 and 
5,329,826. 

[0027] A partially automated vehicular mechanical 
transmission system 92 utilizing the control system of 
the present invention is illustrated in Figure 3. Partially 
automated system 92 is of the type requiring manual 
shifting in the lower gear ratios (first through eighth) and, 
after initial manual selection of one of the upper two ra- 
tios, providing automatic shifting in the upper gear ratios 
(ninth and tenth), as described in aforementioned U.S. 
Patents No. 4,722,248; 4,850.236; 5.038.027 and 
5,393,276. The shift pattern for partially automated op- 
eration of the system 92 is schematically illustrated in 
Figure 5. 

[0028] The system includes a splitter control valve as- 



sembly 94 and a prime mover (such as diesel engine 
96) driving the input shaft 18 of transmission 10 through 
a master friction clutch 98. The transmission 10 Includes 
a shift lever 100 having a shift knob 102, which is asso- 
5 dated with the shift bar housing 56 for manually shifting 
main section 1 2 and the range clutch 82 of auxiliary sec- 
tion 14. 

[0029] A manually operated splitter valve 1 04, having 
a selector lever or button 106, is provided, usually on or 

10 integral with the shift knob, for manually shifting the split- 
ter clutch 80. Splitter valve 104 is a 2-position, 3-way 
manually operated valve effective to selectively connect 
a first pilot conduit 108 to exhaust ("E^") or to pilot pres- 
sure, respectively, to manually select either the high or 

15 low splitter ratio. The pilot pressure may be equal to sup- 
ply pressure ("S") or to a lower value. In a typical on- 
board pneumatic system, supply is filtered, regulated air 
at about 60 to 80 psi (approx. 4-5 bar). 
[0030] The first pilot conduit 108 may fluidly commu- 

20 nicate with a second pilot conduit 110 in series through 
the control valve assembly 94 of the present invention. 
The second pilot conduit 1 1 0 is effective to act on a 2-po- 
sition, 3-way pilot valve 112. which is effective to nor- 
mally vent or selectively pressurize a control chamber 

25 114 of the splitter piston/cylinder actuator assembly 86. 
Chamber 114 is exposed to the larger area face 116 of 
a differential area piston 118 having a smaller area face 
120 constantly exposed to supply pressure in biasing 
chamber 122, As is known, a spring may be utilized in 

30 place of or in combination with smaller area piston face 
120 to bias piston 118 rightwardly, as seen in Figure 3. 
[0031] As may be seen, when pilot conduit 110 is ex- 
hausted, pilot valve 112 will connect control chamber 
114 to exhaust, and supply pressure acting on smaller 

35 area face 120 will cause shift fork 84 to move splitter 
clutch 80 to engage gear 76 for the low splitter ratio, and 
when pilot conduit 110 is pressurized, valve 112 will 
move against a bias to a position for pressurizing control 
chamber 114, causing the piston 118 to move leftwardly 

40 to cause splitter clutch 80 to engage gear 74 for the high 
splitter ratio. 

[0032] Except for interposing the control valve assem- 
bly 94 in series between pilot conduits 108 and 110, the 
above-described components are structurally and func- 

45 tionally equivalent to components utilized to shift the 
manually shifted transmission of Figures 1, 1 A and 2. 
[0033] To provide the partially automated operation of 
system 92, a controller 124, preferably a microproces- 
sor-based controller, is provided for receiving input sig- 

50 nals 126 and for processing same according to prede- 
termined logic rules to issue command output signals 
128 to various system actuators, such as an engine fuel 
control 130 and a solenoid driver and fault detection unit 
132. Controllers of this type may be seen by reference 

55 to U.S. Patents No. 4.361 .060 and 4.595,986. The pro- 
gram for controller 124 is stored on a computer-usable 
medium such as a floppy disk, hard drive, CD-rom, tape 
or other external or internal storage medium. 
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[0034] Sensors for sensing engine speed (ES) and/or 
Input shaft speed (IS) and output shaft speed (OS) may 
be provided, as well as sensors for sensing engine, 
fueling THL and solenoid faults SF, ail of which provide 
input signals indicative thereof to the controller 124. 
With the clutch 98 engaged, input shaft speed may be 
assumed to equal engine speed. 
[0035] As is known, the engine 96 may have a built- 
in controller 96A and/or may communicate with control- 
ler 124 by an electronic data link of the type conforming 
to SAE J-1922, SAE J-1939, ISO 11898 or the like. All 
or a portion of controller 124 may be defined by hard- 
ware and/or software associated with engine controiJer 
96A. A sensor may be provided for providing a signal 
(GR) indicative of engaged gear ratio or gear ratio may 
be calculated and confirmed by dividing input shaft 
speed or engine speed by output shaft speed (GR = ((IS 
= ES))/OS ^ error?). 

[0036] The control valve assembly 94 of the present 
invention is interposed in series between the standard 
manual splitter shift selection valve 104 and the stand- 
ard pilot valve 112/splitter actuator 86 and is operated 
in response to command output signals from controller 
124. The assembly includes, in series, a first 2-position, 
3-way solenoid-controlled valve 1 34 and a second 2-po- 
sition. 3-way solenoid-controlled valve 136 and a sole- 
noid driver and fault detection unit 132 operating in re- 
sponse to command output signals from the controller. 
[0037] Valve 134 has an inlet 138 connected to pilot 
conduit 108 and two outlets 140 (connected to one inlet 
142 of valve 136) and 144 (connected to exhaust). Valve 
134 has a first normal or default position wherein Inlet 
138 is connected to outlet 140. and thus, to inlet 142 of 
valve 136, while outlet 144 of valve 1 34 is blocked. Valve 
134 has a second or actuated position upon energizing 
the first solenoid S#1 wherein outlet 140 is connected 
to exhaust at outlet 144 and inlet 138 is blocked. 
[0038] Valve 1 36 has two inlets 1 42 (connected to the 
outlet 140 of valve 134) and 146 (connected to the 
source of pressurized fluid) and an outlet 148 connected 
to the second pilot conduit 110 controlling the pilot valve 
112. Valve 136 has a first normal or default position 
wherein inlet 142 is connected to outlet 148 and the inlet 
146 from source pressure is blocked, and a second ac- 
tuated position upon energizing the second solenoid 
S#2 wherein inlet 142 is blocked and source pressure 
at inlet 146 communicates with outlet 148 and pilot con- 
duit 110. 

[0039] The valve table for operation of the solenoid- 
operated valves is set forth iri Figure 4. 
[0040] The controller 1 24 senses a manual splitter op- 
eration mode by sensing a shift bar condition GR other 
than AUTO (see Figure 5), In this mode (/.e., gear ratios 
1-8), the solenoid driver is commanded to deenergize 
both of the solenoids, and the valves 134 and 136 will 
assume the default positions thereof. Pilot conduit 108 
will communicate with pilot conduit 110 through the 
valves 134 and 136. and the actuator 86 will be under 



the manual control of selector valve 104. 
[0041] AUTO or not-AUTO mode conditions may be 
sensed by position sensors or by processing the ES and 
OS signals according to predetermined logic rules. 

5 [0042] Upon sensing a manual shift to the AUTO po- 
sition, the controller will cause the solenoid driver 132 
to energize the first solenoid S#1 to create an automatic- 
only splitter situation, as valve 134 moves to its second 
position, wherein the pilot conduit 108 controlled by 

10 manual selector valve 104 is blocked at inlet 138, and 
thus, the series connection through port 140 to the pilot 
valve 112 is blocked. With valve 134 in the second or 
actuated position thereof, the manual selector 104 is in- 
effective to control pilot valve 112 or splitter actuator 86. 

15 [0043] In the cun-ent example, ninth and tenth speeds 
are the AUTO mode gear ratios, while eighth speed is 
the "entry gear ratio". A shift or intent to shift into the 
AUTO mode is confirmed when either: 



20 



25 



30 



(1) gear ratio is the entry gear ratio, and 

(2) vehicle speed exceeds a first reference value 
(REFi), followed by 

(3) a shift into neutral; 

OR 

(1) vehicle speed exceeds the first reference value, 
and 

(2) gear ratio is one of the AUTO mode ratios. 



[0044] The first reference value (REF^) is an output 
shaft speed at which a manual upshift from the entry 
gear is expected to occur, usually about the minimum 
output shaft speed at which an upshift from the entry 
35 gear is expected to occur. 

[0045] When in the AUTO mode of operation, manual 
control 104 is bypassed and, based upon vehicle speed 
as indicated by the output shaft speed OS and/or the 
other sensed parameters, the control 124 will automat- 
ic icaiiy determine if an automatic upshift from ninth to 
tenth or an automatic downshift from tenth to ninth is 
required, and will control engine fueling and the second 
solenoid-controlled valve 136 to implement same. With 
valve 1 34 actuated and valve 1 36 in its normal or default 
45 position, pilot conduit 110 is exhausted at port 144 of 
valve 134, and pilot valve 112 will exhaust the control 
chamber 114 of the piston/cylinder assembly 86, caus- 
ing the piston to urge the splitter clutch In the low splitter 
ratio direction. With the second solenoid-controlled 
50 valve 136 actuated, pilot conduit 110 is connected to 
source pressure through inlet 146 and outlet 148 of 
valve 136, regardless of the position of valve 134, and 
pilot valve 112 will cause control chamber 114 to be 
pressurized, causing the piston 118 to urge the splitter 
55 clutch in the high splitter ratio direction. Valve 134 may 
be deactivated whenever valve 136 is energized to re- 
duce heat generation. 

[0046] In addition to causing the splitter clutch to be 
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properly positioned in the AUTO mode, controller 124 
will also cause the engine to be properly fueled to dis- 
engage the existing splitter ratio and synchronized for 
engaging the target splitter ratio. Upon sensing an 
eighth-to-ninth upshift into AUTO mode, the engine will 
be caused to synchronize for the required main and 
splitter clutch engagement 

[0047] In the current example, continuing operation in 
the AUTO mode is confirmed when either: 

(1) the confirmed gear ratio is an AUTO mode ratio 
{i.e., ninth or tenth), and 

(2) vehicle speed exceeds the first reference value 
(OS*GRentry ^ expected manual upshift RPM 
from the entry gear); 

OR 

an AUTO mode shift (ninth-tenth, tenth-ninth) is in 
progress. 

[0048] Upon sensing that a shift from AUTO mode has 
occurred, the controller 124 will cause solenoid driver 
1 32 to deactivate both solenoids to return splitter control 
to the operator. In the current example, a not-AUTO 
mode condition is confirmed when either 

(1) an AUTO mode shift is not in progress, and 

(2) vehicle speed is less than a second reference 
value (REF2), followed by 

(3) a shift into neutral; 

OR 

(1) an AUTO shift is in progress, and 

(2) after a given period of time, engagement in an 
AUTO mode ratio cannot be confirmed; 

OR 

engagement in a non-AUTO mode ratio is con- 
finned. 

[0049] The first, immediately preceding example in- 
volves a downshift out of AUTO mode, while the second 
example involves an apparent operator shift to main 
section neutral during an AUTO mode shift event. 
[0050] In causing synchronous conditions for engage- 
ment of a target gear ratio, the engine is commanded to 
assume a rotational speed equal to true synchronous 
speed (ES = OS*GRt) plus or minus an offset value X 
equal to about 30 to 50 RPM. Accordingly, the engine is 
alternately commanded to a speed (ES = (OS + X) 
*GRt-), and then a speed (ES = (OS - X)*GRt). 
[0051] To confirm engagement/non-engagement, the 
value of ES/OS is compared over a period of time to 
known gear ratios plus or minus a given percent Y (such 
as 0.5 to 1 .5%). Thus, by way of example, over a period 
of time, if ES/OS = GR*(1 + Y%), then confirmation of 
engagement of GR is true. The offset X and the percent- 
age en-or Y are selected so that at ES = (OS + X)*GRx, 
or at ES = (OS - X)*GR-r, ES/OS will not equal GR*(1 T 



Y%). 

[0052] The foregoing, as discussed in aforemen- 
tioned co-pending EP-A-805 062 allows the use of 
speed signals to confirm engaged and neutral condi- 
5 tions without false readings due to engine synchroniz- 
ing. 

[0053] To confirm disengagement (of the entry gear 
ratio or of one of the AUTO mode ratios), the quotient 
of ES/OS is compared to the numerical value of the dis- 

10 engaging gear, plus or minus a disengaging gear error 
value, which may exceed the magnitude of the gear er- 
ror value used to confirm engagement. For example, the 
disengaging gear error value may equal 1 .5%, while the 
engaging gear error value may equal 1%. 

15 [0054] Additionally, the gear error value used for con- 
firming disengagement may be set larger on the positive 
side of synchronous of the disengaging gear than on the 
negative side to minimize false indications of neutral. 
Speed separations while still in gear tend to be higher 

20 on the positive side of synchronous due to the higher 
driving torque (the engine driving the vehicle tends to 
produce a greater positive torque magnitude than the 
negative torque produced when coasting with the vehi- 
cle driving the engine). Providing a larger Pos_ 

25 Disengage_Gear_Error and a smaller Neg_ 
Disengage_Gear_Error allows for protection against 
false indications of neutral on the positive side caused 
by aggressive throttle application, while still providing 
for a quick confirmation of neutral in the negative direc- 

30 tion (the direction in which neutral is confirmed on most 
shifts). 

[0055] In the preferred embodiment, the calculated 
gear ratio, ES/OS, is compared to an expanding window 
of error values and will be confirmed as disengaged only 
35 if it continues to remain outside the window. In the cur- 
rent example (see Figure 6). the calculated gear ratio 
must fall outside a range from: 

[Engaged GR*(1 &(40*Counter*Loop_Time*Neg_ 
Disengage„Gear_Error))] 
40 to 

[Engaged GR*(1 +(40*Counter*Loop_Time*Pos. 
Disengage_Gear_Error))], 

where Counter is incremented by one each time this is 
true and decremented each time this is not true (mini- 

45 mizing at a value of 1). Disengagement is confirmed 
when the Counter reaches or exceeds a value equal to 
(Synch_Dlsengage_Time/Loop„Time). In the preferred 
embodiment, the values of Neg_Disengage_ 
Gear_Error= 1%, Pos_Disengage_Gear_Error= 1.5%, 

50 and the maximum value of (40*Counter*Loop_Time) = 
6. 

[0056] The advantage of this "expanding window" 
over a fixed error band (prior art) is that it allows disen- 
gagement confirmation to start sooner (using the rela- 
55 tively small initial en-or window) while simultaneously 
providing better protection against false confirmations 
of neutral (using the relatively large, fully expanded win- 
dow before confirming). If the calculated gear ratios fall 
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back within the window during the disengagement con- 
firmation process, the window will decrement to the next 
smaller value (or to the smallest window) and upon the 
calculated gear ratio falling outside the window, the dis- 
engagement process will continue. The advantage 
gained with this "contracting window" over immediately 
resetting to the smallest error window is that it maintains 
a quick confirmation of true disengagement even if one 
data point falls inside the expanding error bounds, while 
preventing false neutral confirmation with transient 
speed separations induced by large torque oscillations. 
[0057] Upon an electrical power failure, the solenoid- 
controlled valves will return to the. open positions there- 
of, fluidly connecting conduits 108 and 110, and allowing 
manual selection of all ten forward ratios. Upon the so- 
lenoid driver detecting conditions indicative of a failure 
at one or both solenoids, the controller will cause both 
solenoids to be de-energized again, causing the two 
valves 134 and 136 to assume the open positions there- 
of, and allow manual selection of all ten forward ratios. 
[0058] The control valve assembly 94, thus, provides 
a control allowing both manual and automatic splitter 
shifting, provides a favorable failure mode and as a 
module requires only four additional fluid connections 
(conduit 108 to port 138, conduit 110 to port 148, source 
S to port 146 and exhaust Ex to port 144) to the normally 
utilized manual splitter control. 

[0059] As used herein, "main section" ratio positions 
will include the 1/2. 2/3. 3/4, 5/6. 7/8 and 9/1 0(A) ratio 
positions, and the range section is considered a portion 
of the manually shifted main section. 
[0060] In the event of a failure in operating solenoids, 
in the splitter actuators, in the devices providing signals 
(ES, OS) indicative of engine and/or output shaft rota- 
tional speeds or the like, the preferred degraded mode 
is operation as a totally manual 10-speed splitter-type 
transmission, as illustrated in Figures 1 and 2. 
[0061] When in the AUTO mode, upon sensing an ac- 
tuator or a solenoid or a speed sensor fault or the like, 
the transmission is retained in its currently engaged 
splitter ratio until main section neutral can be confirmed, 
and then the splitter valve assembly 94 is returned to 
manual control. The control principle is not to go from 
an engaged splitter ratio to possible splitter neutral until 
the system is sure the operator has manually shifted Into 
neutral. This will assure no unintended neutral condi- 
tions, although the system may drive as a wide-step 
5-speed (i.e., only 1 -3-5-7-9 or 2-4-6-8-10 available) un- 
til neutral can be confirmed. 

[0062] Accordingly, it may be seen that an improved 
compound transmission and shift control unit has been 
provided. 



comprises: 

a manually shifted main section (12) having an 
input shaft (18) driven by a fuel-controlled en- 
5 gine, and 

a splitter section (14) having an output shaft 
(58) and a splitter section actuator (86). where- 
by said splitter section actuator (86) Is respon- 
sive in 

10 

a manually shifted mode to manually sup- 
plied command signals and 
an automatic mode of operation to control- 
ler-supplied command signals to control 
15 shifting of said splitter section (14), 

said method comprising the step of sensing 
values of input signals, including signals indicative 
of input and output shaft rotational speeds, said sig- 
20 nals also being used to determine the existence of 
system faults; 

said method being characterized by the further 
step: 

25 upon sensing a system fault when in the auto- 

matic mode of operation, maintaining the cur- 
rently engaged splitter ratio until a neutral con- 
dition is sensed in said main section (12) and, 
upon sensing said neutral condition, causing 

30 said splitter section actuator (86) to be control- 

led only by said manually supplied command 
signals. 

2. The method of claim 1 wherein said system oper- 
35 ates in said automatic mode of operation only in cer- 
tain main section ratios.' 

3. The method of claim 1 wherein said splitter section 
actuator comprises at least one solenoid-controlled 

40 valve responsive to said manually supplied control 
signals. 

4. A machine for controlling an automated mechanical 
transmission system which transmission system 

45 comprises: 

a manually shifted main section (12) having an 
input shaft (18) driven by a fuel-controlled en- 
gine, and 

50 a splitter section (14) having an output shaft 

(58) and a splitter section actuator (86), where- 
by said splitter section actuator (86) is respon- 
sive in 



Claims 

1. A method for controlling an automated mechanical 
transmission system which transmission system 



55 



a manually shifted mode to manually sup- 
plied command signals and 
an automatic mode of operation to control- 
ler-supplied command signals to control 
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shifting of said splitter section (14), and 

logic elements sensing values of input sig- 
nals, including signals indicative of input and output 
shaft rotational speeds, said signals also being 
used to determine the existence of system faults; 
the machine being characterized by 

logic elements effective, upon sensing a sys- 
tem fault when in the automatic mode of operation, 
maintaining the currently engaged splitter ratio until 
a neutral condition is sensed in said main section 
(12) and, upon sensing said neutral condition, caus- 
ing said splitter section actuator (86) to be control- 
led only by said manually supplied command sig- 
nals. 

5. The machine of claim 4 wherein said system is de- 
signed to operate in said automatic mode of oper- 
ation only in certain main section ratios. 

6. The machine of claim 4 wherein said splitter section 
actuator comprises at least one solenoid-controlled 
valve responsive to said manually supplied control 
signals. 



Patentanspriiche 

1. Verfahren zur Steuerung/Regelung eines automa- 
tisierten mechanischen Getriebesystems, wobei zu 
dem Getrlebesystem gehoren: 

eine manuellgeschaltete Hauptgetriebegruppe 
(12) mit einer Eingangswelle (18), die mittels 
eines uber die Treibstoffzufuhrgesteuerten/ge- 
regelten Motors angetrieben wird, und 
eine Splitgruppe (14) mit einer Ausgangswelle 
(58) und einem Splitgruppenaktuator (86), wo- 
bei der Splitgruppenaktuator (86) 

in einem manuell geschalteten Modus auf 
manuell bereitgestellte Steuerbefehle und 
in einem automatischen Betriebsmodus 
auf von einem Controller gelieferte Steuer- 
befehle zur Steuerung des Schaltens der 
Splitgruppe (14) anspricht, 

wobei zu dem Verfahren der Schritt gehort, 
Werte von Eingangssignalen zu erfassen, zu denen 
Signale gehoren, die fur die Drehzahlen der Ein- 
gangs- und Ausgangswelle kennzeichnend sind, 
wobei die Signale auHerdem dazu verwendet wer- 
den, um das Vorhandensein von Systemfehlem zu 
erfassen; 

wobei das Verfahren gekennzelchnet ist durch 
den zusatzlichen Schritt: 

bei Erfassen eines Systemfehlers wahrend des 



Betriebes In dem automatischen Modus die ge- 
genwartig eingelegte Split-Gangstufe aufrecht 
zu erhalten, bis In der Hauptgetriebegruppe 
(12) eine Leerlaufbedingung erfasst wird, und 
5 bei Erfassen dieser Leerlaufbedingung zu ver- 

anlassen, dass der Splitgruppenaktuator (86) 
ledigtich durch die manuell bereitgestetlten 
Steuerbefehle gesteuert wird. 

10 2. Verfahren nach Anspruch 1 , bei dem das System 
lediglich in gewissen Gangstufen der Hauptgetrie- 
begruppe in dem automatischen Betriebsmodus ar- 
beitet. 

15 3. Verfahren nach Anspruch 1 , bei dem der Splitgrup- 
penaktuator wenigstens ein elQktromagnetisch ge- 
steuertes Ventil enthalt, das in Abhangigkeit von 
den manuell erzeugten Steuersignalen arbeitet. 

20 4. Vorrichtung zum Steuern/Regein eines automati- 
sierten mechanischen Getriebesystems, wobei zu 
dem Getriebesystem gehoren: 

eine manuell geschaltete Hauptgetriebegruppe 
25 (12) mit einer Eingangswelle (18), die mittels 

eines Ciber die Treibstoffzufuhr gesteuerten/ge- 
regelten Motors angetrieben ist, und 
eine Splitgruppe (14) mit einer Ausgangswelle 
(58) und einem Splitgruppenaktuator (86), wo- 
30 bei der Splitgruppenaktuator (86) 

In einem manuell geschalteten Modus auf 
manuell bereitgestellte Steuerbefehle und 
in einem automatischem Betriebsmodus 
35 auf von einem Controller gelieferte Steuer- 

befehle zur Steuerung des Schaltens der 
Splitgruppe (14) anspricht, und 

Logikeiemente. die dazu dienen, Werte von 

40 Eingangssignalen zu erfassen. zu denen Signale 
gehoren, die fur die Drehzahlen der Eingangs- und 
Ausgangswelle kennzeichnend sind, wobei die Si- 
gnale auBerdem dazu verwendet werden, um die 
Existenz von Systemfehlem zu erfassen; 

45 wobei die Vorrichtung gekennzelchnet ist durch 
Logikeiemente. die dazu dienen, bei Erfassen 
eines wahrend eines Betriebes in dem automati- 
schen Modus auftretenden Systemfehlers die ge- 
genwartig eingelegte Split-Gangstufe aufrecht zu 

50 erhalten, bis in der Hauptgetriebegruppe (12) eine 
Leerlaufbedingung erfasst ist, und bei Erfassen die- 
ser Leerlaufbedingung zu veranlassen, dass der 
Splitgruppenaktuator (86) lediglich durch die ma- 
nuell bereltgesteltten Steuerbefehle geregelt/ge- 

55 steuert wird. 

5. Vorrichtung nach Anspruch 4, bei der das System 
dergestalt konstruiert ist, dass es lediglich in gewis- 
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sen Gangstufen der Hauptgetriebegruppe in dem 
automatischen Betriebsmodus arbeitet. 

6. Vomchtung nach Anspruch 4, bei der der Splitgrup- 
penaktuator wenigstens ein elektromagnetisch ge- 
steuertes Ventil enthalt, das in Abhangigkeit von 
den manuell bereitgestellten Steuerslgnalen arbei- 
tet. 



Revendications 



1 . Proc6de pour commander un syst^me de transmis- 
sion m^canique automatise, 

lequel systeme de transmission comprend : 

une section principate (12) a changement de 
rapport manuel ayant un arbre d'entree ( 1 8) en- 
trame par un moteur commande par le carbu- 
rant et, 

une section de division (14) ayant un arbre de 
sortie (58) et un actionneur de section de divi- 
sion (86), dans lequel ledit actionneur de sec- 
tion de division (86) commande le changement 
de rapport de ladite section de division (14) en 
reponse 

^ des signaux d'ordre transmis manuelle- 
ment dans un mode ^ changement manuel 
et a des signaux d'ordre transmis par un 
contrdleur dans un mode de fonctionne- 
ment automatique, 

ledit precede comprenant la phase consistant 
a d6tecter des valeurs de signaux d'entree, y com- 
prls des signaux indicatlfs de vltesses de rotation 
des arbres d'entree et de sortie, lesdits signaux 
^tant aussi utilises pour determiner Texistence de 
d^fauts du systeme ; 

ledit proc^dd 6tant caractdrlse par la phase addi- 
tionnelle suivante : 

en reponse a la detection d'un defaut du syste- 
me alors qu'il est dans le mode de fonctionne- 
ment automatique, maintenir le rapport de divi- 
sion engage actuellement jusqu'd ce qu'un etat 
de point mort soit detects dans ladite section 
princlpale (12) et, en r6ponse a la detection du- 
dit §tat de point mort, faire en sorte que ledit 
actionneur (86) de la section de division soit 
commande uniquement par lesdits signaux 
d'ordre transmis manuellement. 

2. ProcSde selon la revendicatton 1, dans lequel ledit 
systeme n*op6re dans ledit 

mode de fonctionnement automatique que dans 
certains rapports de la section princlpale. 



3. Procede selon la revendication 1. dans lequel ledit 
actionneur de la section de division comprend au 
moins une soupape commandee par eiectroaimant 
qui repond auxdits signaux de commande transmis 

5 manuellement. 

4. Machine pour commander un systeme de transmis- 
sion mecanique automatism, lequel systeme de 
transmission comprend : 

10 

' une section principale (12) a changement de 
rapport manuel ayant un arbre d'entree (18) en- 
tratne par un moteur commande par le carbu- 
rant et, 

15 une section de division (14) ayant un arbre de 

sortie (58) et un actionneur de section de divi- 
sion (86). dans laquelle ledit actionneur de sec- 
tion de division (86) commande le changement 
de rapport de ladite section de division (14) en 

20 r6ponse 

^ des signaux d'ordre transmis manuelle- 
ment dans un mode a changement ma- 
nuel, 

25 - et ^ des signaux d'ordre transmis par un 

controleur dans un mode de fonctionne- 
ment automatique, et 

des elements logiques qui dStectent des va- 

30 leurs de signaux d'entree, y compris 

des signaux indicatifs de vitesses de rotation des 
arbres d'entree et de sortie, lesdits signaux 6tant 
aussi utilises pour determiner I'existence de dSfauts 
du systeme ; 

35 la machine etant caracterlsee en ce que 

en reponse a la detection d'un defaut du sys- 
teme alors qu'il est dans le mode de fonctionnement 
automatique, les elements logiques maintiennent le 
rapport de division engage actuellement jusqu'd ce 

40 qu'un etat de point mort soit detecte dans ladite sec- 
tion principale (12) et, en reponse a la detection du- 
dlt etat de point mort, lis font en sorte que ledit ac- 
tionneur (86) de la section de division soit comman- 
de uniquement par lesdits signaux d'ordre transmis 

<5 manuellement. 

5. Machine selon la revendication 4, dans laquelle le- 
dit systeme est congu pour 

n'operer dans ledit mode de fonctionnement auto- 
50 matique que dans certains rapports de la section 
princlpale. 

6. Machine selon la revendication 4, dans laquelle le- 
dit actionneur de la section de division comprend 

55 au . moins une soupape commandee par eiec- 
troaimant qui repond auxdits signaux de commande 
transmis manuellement. 
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1 20*L0OPTIME*(pos_disengage_or-error) 
80*L0OPTIME*(pos_disengage_or_error) 
40*L0OPTlME*(pos_dfsengage_or„error) 
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